ABSTRACT Ventilation and perfusion lung scans were performed in 58 patients before operation for bronchial carcinoma to determine in which patients the lung scan was most useful for assessing mediastinal spread and resectability of the tumour. Perfusion of the affected lung was less with larger and more centrally situated tumours. Perfusion was also less for left-sided than for right-sided tumours but this is explained by the normal differential perfusion of the right and left lungs. The lung scan was unhelpful in predicting resectability of peripheral tumours, but with central tumours if perfusion of the affected lung was less than 25% of the total perfusion the lesion was likely to be non-resectable because of spread to the mediastinum. Airways obstruction was present in 67% of the patients but did not interfere with the interpretation of the scans. In most cases ventilation scans provided no additional information, and the use of krypton-81m as a sensitive indicator of regional ventilation did not improve on the predictive value of the perfusion scan.
The various radionuclide lung scan appearances in bronchial carcinoma have been reported previously in detail.'-5 Tumours with a mean diameter of over 2 cm usually give rise to a defect of perfusion closely matched by a defect of ventilation.6 Defects of perfusion may also occur at the site of a tumour which is not visible on the plain chest radiograph.6 Defects which are larger than the size of the lesion judged radiographically are said to indicate an increased likelihood of tumour spread to the mediastinum6-12 or to large pulmonary blood vessels. 4 Occasionally an apparent total absence of perfusion or ventilation, or both, is seen on one side48 12 and this is not necessarily associated with major bronchial obstruction. The mechanisms of unexpectedly large defects of perfusion and ventilation are only partly understood but may include compression or invasion of large or medium-sized pulmonary arteries or veins, obstructive emphysema, reflex vasoconstriction due to local hypoxia, and other postulated reflex mechanisms secondary to the presence of the tumour. l-Despite awareness of these appearances and attempts to predict resectability,6'2 lung scanning has not been generally accepted as part of the routine assessment of patients with bronchial carcinoma. We have studied its use in such patients, to determine the circumstances in which the technique can help to indicate resectability and to compare the value of different scanning methods.
We have compared the value of perfusion scanning with that of ventilation scanning using both xenon-133 and krypton-81m. Ventilation scanning using krypton has the advantage of permitting multiple views. These views, obtained during tidal breathing, mainly reflect regional ventilation and can be compared directly with similar views obtained with the technetium-99m perfusion scan. Xenon ventilation scans were included since this is the standard technique and is widely available.
Methods
Fifty-eight patients referred to a regional cardiothoracic centre for consideration of surgical treatment of bronchial carcinoma were studied. All were considered to have technically resectable tumours on the basis of clinical, radiographic, and bronchoscopic assessment; but the results of the lung scans were not available to the surgeon before 261 group.bmj.com on April 13, 2017 -Published by http://thorax.bmj.com/ Downloaded from 264 fusion defects were often slightly larger. The contribution of the affected lung agreed within 10% for all techniques (technetium perfusion, krypton ventilation, xenon inhalation, and xenon equilibrium) in 35 of the 47 patients for whom full data were available. In 12 there was a discrepancy of more than 10% between the perfusion scan and one or more ventilation scans, and in 10 of these the perfusion of the affected lung was less than the ventilation. Four of these 12, including the two patients with the largest discrepancy, had non-resectable tumours.
Influence of airways obstructions Thirty-nine patients had spirometric evidence of airways obstruction (FEV,/VC < 70%), the FEV, varying from 1-0 to 3-51 (34-105%). Nineteen of these patients showed delayed washout of xenon, including seven with a generalised patchy abnormality of ventilation and perfusion. Airways obstruction was not severe in these seven (FEV, 53-79% predicted); none had very large perfusion defects related to the tumour (perfusion 37-48.5% total), and none of the tumours was found to be nonresectable. A further two patients showed isolated scan defects unrelated to the tumour (see below). The remaining twenty cases of airways obstruction showed none of the above features.
Unexpected isolated lung scan defects In eight cases there was an unexplained defect of ventilation (six patients) or perfusion or both ( 7 patients) apparently unrelated to the tumour and without a matching radiological opacity. Two of these patients had severe airways obstruction. In five the unexpected defect was in the "healthy" lung and on subsequent study six months after operation the defect was no longer visible in three of these.
Discussion
Interpretation of any data that are used to predict the resectability of bronchial carcinoma depends critically on the criteria used by individual surgeons to decide whether or not potentially curative surgery is technically possible. In the United Kingdom routine preoperative mediastinoscopy is not widely practised and the finding at thoracotomy of some affected mediastinal lymph nodes does not necessarily imply that the tumour cannot be resected. Surgical-practice varies but in general, provided that the intrapulmonary tumour can be separated from the mediastinum with ease, the surgeon may proceed to resect enlarged mediastinal lymph nodes from the subcarinal, paratracheal, and para-aortic areas in an attempt to clear the tumour completely. Such an Ellis, Hawkins, Gibson, Nariman attitude is supported by the fact that not all enlarged firm lymph nodes contain metastatic tumour. 14 Mean survival is less when mediastinal lymph nodes are affected, but reported five-year survival rates vary from below 10%'5 "6 to 20-30%.'7 18 In common with previous reports6910 12 our results show that large defects of perfusion are associated with an increased likelihood of tumour spread to the mediastinum. In our patients the ability of the lung scan to distinguish between resectable and nonresectable tumours improved with more centrally placed tumours so that, for lesions radiologically in continuity with the hilum, perfusion of the affected lung of less than 25% of the total made successful resection unlikely. The separation was less good when lobar collapse occurred and in the case of peripheral tumours the lung scan was unhelpful in predicting resectability. Our findings contrast with those of Secker Walker and colleagues6-8; in 46 cases where tumours appeared operable on clinical grounds they found that if perfusion of the affected lung was less than one-third of the total the tumour proved to be non-resectable in every case except one. In our series 10 of 18 patients with perfusion of less than one-third of the total had apparently successful resections. Other authors have not assessed lung perfusion quantitatively but have expressed the size of the defect in relation to the size of the lesion on radiographs.9 1012 Their experience was that when perfusion defects were larger than the size of the radiological opacity the tumour was more likely to be non-resectable. Maynard et al in a study of 24 patients found 10 with larger-than-expected perfusion defects, of whom nine had non-resectable tumours.9 A further nine patients with normal scans, or with scan defects matching the radiological opacity, also had non-resectable tumours, however; and the overall resection rate for the series was only 6/24 (25%). On the other hand, Pistelli et al found 25 of 37 patients with unexpectedly large perfusion defects but only seven tumours proved to be nonresectable, and there were no additional nonresectable tumours. ' Comparison of the perfusion scan with both xenon and krypton ventilation scans showed that the perfusion scan is a more sensitive indicator of mediastinal tumour spread, and this is in agreement with the observations of Secker Walker et al. 8 Delayed washout of xenon from the lung distal to the tumour was seen in 10 cases but the ventilation scan itself rarely provided further helpful information. Where there was a large discrepancy between ventilation and perfusion, with a perfusion defect larger than the ventilation defect, the tumour was more likely to be non-resectable. This might be accounted for by direct invasion or compression of the blood vessels of the affected lung but we have not been able to confirm this.
The presence of generalised airways obstruction did not impair the usefulness of the lung scan. Airways obstruction was moderate to severe in 28 patients, including the seven with generalised abnormality of ventilation and perfusion; but in only one patient with a small peripheral tumour was the tumour defect not clearly identified. Because of the selection criteria patients with severe airways obstruction and large tumours were unlikely to be included in this study. 
